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[Purpose] This study aimed to investigate the effects of acute cold stress (10C, 0C) compared with
ordinary temperature (20C) on exercise performance and physiological response at rest and during
exercise. [Methods] A total of 10 healthy men (21.55 +

condition (20C, 10T, 07C), the three testing order was randomly selected at crossover, and there was a

2.16) were selected. In each environmental

week interval between the graded exercise test (GXT). On the testing day, they remained resting for 30
min in each environmental condition. Dependent variables (body temperature, energy metabolism
parameters, skeletal muscle oxygenation profiles, and exercise performance parameters) were measured at
rest and during GXT. [Results] In body temperature, at each environmental condition, there was a
significant decrease (p<.05) at 10C and 0C compared with 20°C after exercise, and in the difference
depending on the environment at rest. After exercise, the body temperature significantly decreased
(p<.05) in proportion to the decrease in temperature. There was no difference in heart rate and blood
lactate level in energy metabolism, and the respiratory exchange ratio was significantly higher (p<.05) at
0C than 20°C. Minute ventilation (VE), oxygen uptake (VO,), and carbon dioxide excretion (VCO,) were
significantly lower (p<.05) at 0C than 20C and 10T at various exercise load. All skeletal muscle
oxygenation profiles did not show significant changes at rest and during exercise. In exercise
performance, maximal oxygen uptake was significantly lower (p<.05) at 0C than 20C, and exercise time
to exhaustion was also significantly lower (p<.05) at 0C than 20C and 10C. [Conclusion] Acute cold
stress induces deterioration of exercise performance via a decreased body temperature and an increase
in VE, VO, and VCO, during the same exercise load. In addition it was confirmed that this
phenomenon was more prominent at 0°C than at 10°C when compared to 20°C.
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ud A718e AdstA ¥ (Castellani & Young,
2016: Sonkin et al., 2014; Wakabayashi et al.,
2015). 53] ALdAL FAZL AL A
(hypothermic skeletal muscle) & F&atA EH, o]&
FHTORY ANAHA T (nerve
velocity) & E3HAI71 234 *ﬂ % (sarcoplasmic
reticulum, SR)eI41 9] Zgol o W& F5 58 A
3 & ofd| A4kl A (adenosine trlphosphate, ATP)
o]l &E AtE 7MY 2K FF Sk HAE e
Aoz HuE 1 3th(De Jong et al., 1966: Edwards
et al., 1972 Herve et al., 1992; He et al., 2000:
Wakabayashi et al., 2015). 2¥A o2 A&3 upe}

Lo J1Ad o] SHA 2 SHA =29 2L 754
é‘:ﬂ‘%i ofel AAAQ LErdsed 4718 7t
2A7lE AeZ HuH3 Jth(Drinkwater, 2008;
Drinkwater & Behm, 2007; Oksa, 2002; Racinais &

conduction

Oksa, 2010).
ol¢lo = A28 FAEEE A 2 A A o
AA Thekst A2l A uke-& el Al "t} A28
o wEE 2EY2E A4t A SRS
Z7W7) 2 —rﬂ%"‘l@ Ae BHEE FAA7IA HH
ol Ae|Hoz wxPHe] AgE F7AIA vt

(heart rate, HR)Q} g9t (blood pressure, BP)& 0]
Al B (Gonzalez-Camarena et al.,  2000;
Manou-Stathopoulou et al., 2015; Nybo & Nielsen,
2001). T3 A o2 WYzbe ZHoA] RAgeR
el AtaFwEol AstElz 2 ZE 34 (muscle
glycogen)®] 7] ¢} 3 F2H-E-(glycolysis) 71 &/l
Ueht o] 2 9g] A3ty ot SulEe Aoz B
153 ltH(Thorsson et al., 1985; Pilcher et al.,
2002; Gregson et al., 2011). A28 ] &5
dadt A4 71| ol 5oz Aadg d o] &
S0 AgEo] FAakaA 9] (anaerobic threshold)
o} Ho) 44 # FF(maximal oxygen uptake, VOsmax)
o ZHashH, Hthst & Al YA thAl E&o] A5t
Al I (Stocks et al., 2004).
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Table 1. Characteristic subjects (Mean = SD)

Variables Male (n=10)

Age (years) 21.5542.16

Height (cm) 178.5145.62
Weight (kg) 70.65+4.21

Body mass index (kg/m’) 22.19+1.31
Free fat mass (kg) 62.13+4.96
Body fat mass (kg) 8.52+2.53
Percentage body fat (%) 12.1043.64
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Fig. 1. Flow chart for the end of graded exercise test in all subjects.
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A A7 A 24 7] (bioelectrical impedance analysis:
Inbody 770, Seoul, Korea) & o]-&-3ted A5, AW,
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4) zZ|th2sFsI4AL
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ergomedic 828E, Monark, Varberg, Sweden)& ©|-£
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Table 2. Change of body temperature at rest and after exercise
end (mean+SD)

Environment Rest Exercise_end
20C 36.5+0.4 36.30.5
10C 36.0+0.5" 35.1£0.7"
0C 35.3+0.6™ 34.440.5™

Note. 1: significant difference between 20°C and 10°C at each time, }:
significant difference between 20°C and 0°C at each time, #: significant
difference between 10°C and 0°C at each time.

38
EE Rest Environment : p =.000
[ Exercise end Time: p=.000
37 7 s Interaction: p =.007 *
36 1 i B

°C

35 A

t#
34 ﬁ )
1T MO | |

20°C 10°C 0°C

0

Fig. 3. Change of body temperature at rest and after
exercise end (Mean + SD).
*: signficant interaction, : significant difference between 20 ‘C and 10 C at
each time, §: significant difference between 20 C and 0 C at each time, #:
significant difference between 10 C and 0 C at each time.
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3G R b TH(p(.05).
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L e BATHC.05). VEE S0wattell A 0C A2

749 20C 4L 92 10C AL Bt} foeA =& ¢
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Table 3. Change of energy metabolism parameters at rest and during exercise (descriptive statistics; Mean + SD)
Variables Environment Rest S0W 75W 100W 125W 150W 175W
20T 65.546.5 84.049.6 94.748.5 106.9+9.8 12244131 139.0£152  154.8+15.6
(b}g{n) 10C 63.8+7.0 85.548.8 95.049.5 106.8£11.1 121.6£144  138.0£174  154.5+16.8
0C 67.3+7.1 88.5£12.5 97.8+12.2 106.9+14.1 119.1£146  1349£16.1  149.9+£16.9
20T 11.343.7 16.943.6 28.545.7 36.945.3 45445.1 57.747.2 7424123
(Lyngn) 10C 10.84£2.5 18.6£5.1 273453 35.345.6 455472 56.148.2 69.6+12.0
0C 132423 22.5+4.6" 3254534 40.6+4.8" 48.2+4.4 58.4+6.1 72.9+12.8
20T 358.8£1022  588.6£123.0  1235.64268.7 1521442043  17674£159.9 2098.6£199.8 2453.1£266.0
(m‘L’/Onjm) 10C 358.6:484  659.0+197.2  1209.7£179.7  1509.7£174.6  1773.4£165.7 2031.5£162.6 2345.5:204.0
0C 42524416 818.8+185.8" 1408.9+192.041 1702.9+184.3%  1907.741763  2150.1+158.8 2371.4+123.2
20T 2813480.5  442.8+1035  935.8+1946 130641889  1659.4+£177.9 2102.6£232.2 2576.6+337.7
(n‘ﬁ%n) 10C 299.0446.5  524.8+140.6  913.5£1507 1281741622  16613£176.0 2028.0£178.6 2465.14261.5
0C 37734512¢% 657.8£136.2% 1103.8£178.64,7 1468.3+161.7% 1795.8+151.6#1 2178.9+149.8 2571.3+176.9
20T 0.78+0.05 0.76£0.11 0.76+0.08 0.86+0.06 0.94+0.05 1.00£0.04  1.05+0.05
RER 10C 0.83+0.05 0.81:0.06 0.75+0.03 0.85+0.04 0.94+0.06 1.00£0.05  1.05+0.06
0C 0.89+0.07f  0.82+0.09 0.78+0.04 0.86+0.03 0.94+0.03 1.0140.04  1.08£0.05
Blood 20T 1.14£0.14 1.2740.17 1.49+0.24 1.85£0.32 236+0.59 3354090  4.77+1.38
lactate 10C 1.15£0.24 1.29:+0.24 1.51+0.28 1.72+0.45 2224072 3.0741.05  4.46+1.71
(mmollL) ¢ 1145018 1242020 1.55:0.34 2.00+0.52 254:088  355:1.00  4.71:147

1: significant difference between 20°C and 0C at each exercise load, #: significant difference between 10°C and 0°C at each exercise load. HR: heart rate, VE: minute
ventilation, VO,: oxygen uptake, VCO,: cardon dioxide excretion, RER: respiratory exchange ratio.

Table 4. Change of skeletal muscle oxygen profiles at rest and during exercise (descriptive statistics; Mean + SD)

Variables Environment Rest S0W T5W 100W 125W 150W 175W
20C 005:001  005:001 0041001 0042001  003£001  002:001 002001
()(’ng)Ib 10C 005£001 005001  005£0.01 0041001  0.03£001 003000 002001
0C 005£0.01  005:001 0045001 0042001  003£001 0032001 002001
20C 003£001 0042001 0045002  005:0.02  006:003  007:0.03 0074003
De("m’%Hb 10C 0.03+0.01 0.04+0.01 0.05+0.02 0.06+0.02 0.07£0.02 0.08+0.03 0.09:+0.03
0C 0032001 004001  005£001  005:0.02  006£002  007:0.02  0.08£0.02
20C 008£0.02  008:0.02  009:0.02  009:0.02  0.09:003  009:0.03  0.090.03
T‘Eﬁll\—gb 10C 008£0.02  009:0.02  009:0.02  010:0.02  0.10:002  010:0.03  0.112003
0C 008£0.02  009:0.02 009002  009:0.02  0.09:002  010:0.02  0.10:0.02
20C 655061 ST0L101  S03L127 4274143 3484150 2904148 2554136
?:% 10C 64454 1 54582 497:7.6 438482  358:84  260:68  21.0:84
0C 60.724.1 530455 487558 412494 3485120 290+125  24.9+129

Oxy Hb: oxygenated hemoglobin, Deoxy Hb: deoxygenated hemoglobin, Total Hb: total hemoglobin, S}O.: tissue oxygen saturation.

Table 5. Change of exercise performance (descriptive statistics; Mean + SD)

Variables 20°C 10°C 0°C
VO,max (mL/min/kg) 48.3+5.9 46.0+5.2 44.3+4.9*
Exercise load (Watt/kg) 3.240.3 3.1£0.3 3.120.3
Exercise time (min) 16.0+2.0 15.4£2.0° 15.4£2.1

+: significant difference between 20°C and 10°C, §: significant difference between 20°C and 0°C. VO,max: maximal oxygen consumption.
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Fig. 4. Change of energy metabolism parameters at rest and during exercise (Mean + SD).
(A) Change of HR, (B) Change of VE, (C) Change of VO,, (D) Change of VCO,. (E) Change of RER, (F) Changes of blood lactate level. *: signficant
interaction, {: significant difference between 20°C and 0°C at each exercise load, #: significant difference between 10°C and 0C at each exercise load. HR:
heart rate, VE: minute ventilation, VO,: oxygen uptake, VCO,: cardon dioxide excretion, RER: respiratory exchange ratio.

B0 (p(.05) Thwatto} 100watt°ﬂ/‘1 10C A&
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Lol A =& @S JERATH(pC.05). VCO= QHE A F-E]
12bwatt7hA1 €] BE Al- A 0T A9 7% 20T %
< 2 10C AE fofspd =& e JeEdH
(p€.05).
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